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(54) Calculator, system, method and computer program for obtaining one or more motion 
parameters of a target

(57) A calculator (20) for obtaining motion parame-
ters (26) of the target (14), wherein the calculator (20) is
configured to obtain the one or more motion parameters
(26) on the basis of at least two time differences. The
first time difference describes a timing of passings of a

first pair of transmitter-receiver-lines by the target (14),
and the second time difference describes a timing of
passings of a second pair of transmitter-receiver-lines by
the target (14), wherein the second pair of the transmitter-
receiver-lines is different from the first pair of transmitter-
receiver-lines.
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Description

Technical Field

[0001] Embodiments according to the present inven-
tion relate in general to radar systems or more specifically
to forward-scattering radar systems. Some embodiment
relate to target positioning by using forward-scattering
radar and, especially, to a method for target trajectory
and velocity determination in forward scattering radar.
Some embodiment relate to a calculator, a system, a
method and a computer program for obtaining one or
more motion parameters of a target.

Background of the Invention

[0002] A radar system can be used for determining a
distance, velocity and direction of a target or especially
of a moving target such as a plane or a ship. The radar
system uses electromagnetic waves for the detection;
therefore, the radar system has a transmitter, which emits
electromagnetic waves, and a receiver which, in turn,
receives these electromagnetic waves. The target, which
should be detected, reflects, scatters or interrupts the
electromagnetic waves. The variation of the electromag-
netic waves received by the receiver can be used for
detecting the target.
[0003] There are different types of radar systems, such
as, for example, monostatic radar, back-scattering bistat-
ic radar or forward-scattering bistatic radar (FSR). The
forward-scattering (bistatic) radar provides higher detec-
tion capability than usual back-scattering (bistatic) radar,
because of the enhancement of the target’s radar cross-
section.
[0004] Fig. 5 shows a schematic transmitter-receiver-
set-configuration 11 of a forward-scattering radar having
a transmitter 10, in this example embodiment illustrated
as a satellite, and a receiver 12 arranged on a ground
15. Between the transmitter 10 and the receiver 12, a
trajectory 13 of a target 14 which is, in the present ex-
ample, a plane or aircraft 14 intersects a transmitter-re-
ceiver-line 16. The transmitter-receiver-line 16 repre-
sents electromagnetic waves emitted from the transmit-
ter 10 to the receiver 12 on the line-of-sight 16, while a
forward-scattered-path 18 represents the electromag-
netic waves forward scattered by the plane 14. Below,
the function of such a forward scattered-radar will be dis-
cussed.
[0005] The transmitter 10 emits electromagnetic
waves, which are scattered or interrupted by the target
14 passing the transmitter-receiver-line 16. The receiver
12 is configured to detect the electromagnetic waves di-
rectly via the line-of-sight-path 16 and also scattered by
the target 14 via the forward scattering path 18. When
the target 14 passes the transmitter-receiver-line 16, also
referred to as baseline, the only information that can be
extracted or, at least, the only information that can be
extracted with comparatively small effort is the exact time

of the passing of the transmitter-receiver-line 16. The
problem is that an intersection-point of the trajectory 13
and the transmitter-receiver-line 16, which would deter-
mine the target’s 14 position, cannot be obtained using
the transmitter-receiver-set-configuration 11 with the
transmitter 10 and the receiver 12 due to the small time
delay between the electromagnetic waves detected via
the line-of-sight-path 16 and via the forward-scattered-
path 18.
[0006] However, even if the detection capability of for-
ward-scattering radar is enhanced compared to back-
scattered radar, the determination of the position of the
target 14 is a difficult task due to the lack of information,
the small time delay between the line-of-sight-path 16
(LOS) and forward-scattered-path 18 and a limited avail-
ability of Doppler determination.
[0007] It is therefore an objective of the invention to
provide a concept for obtaining motion parameters of a
target, which provides an improved system performance.

Summary of the Invention

[0008] An embodiment according to the invention cre-
ates a calculator for obtaining one or more motion pa-
rameters of a target. The calculator is configured to obtain
the one or more motion parameters on the basis of at
least two time differences, wherein a first of the time dif-
ferences describes a timing of passings of a first pair of
transmitter-receiver-lines by the target, and wherein a
second of the time differences describes a timing of pass-
ings of a second pair of transmitter-receiver-lines by the
target, wherein the second pair of transmitter-receiver-
lines is different from the first pair of transmitter-receiver-
lines.
[0009] The core of the invention is that one or more
motion parameters, such as a distance parameter h, e.g.
an altitude information, a velocity parameter v and a di-
rection parameter of a target can be obtained with rea-
sonable effort on the basis of a plurality of time informa-
tion items. The time information items represent points
in time, when a target passes known transmitter-receiver-
lines, which are defined by at least two receivers and at
least two transmitters. On the basis of the plurality of the
time information items, at least two time differences can
be obtained or calculated, wherein each of the time dif-
ferences describes an order of passings of a pair of trans-
mitter-receiver-lines by the target or even a precise timing
of said passings. It has been found that the calculator
can easily obtain the one or more unknown motion pa-
rameters on the basis of the time differences between
the passings of at least two different pairs of transmitter-
receiver-lines, e.g. on the basis of the use of a timing or
an order of passings of a pair of crossing transmitter-
receiver-lines by the target.
[0010] A preferred embodiment according to the inven-
tion provides a calculator wherein the calculator is con-
figured to obtain a first range of possible values of one
or more motion parameters, for example, of the distance
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parameter h or an altitude information (which describes
a distance between a trajectory of the target and one of
the transmitters or receivers) on basis of one of the time
differences, which describes a timing or an order of pass-
ings of a second transmitter-receiver-line and of a third
transmitter-receiver-line crossing each other at a cross-
ing-point. Here, the calculator can determine whether the
possible values of the distance parameter h are larger or
smaller than a known distance parameter h1 of the cross-
ing-point (which also describes a distance between the
crossing-point and one of the transmitters or the receiv-
ers) or whether the distance parameter h at least approx-
imately is equal to the known distance parameter h1 of
the crossing-point. Here, it is advantageous that the
range of values of the distance parameter h may be es-
timated or even obtained with good precision under some
circumstances by using one time difference. In this em-
bodiment, the distance parameter h may be estimated
the more exactly the closer the distance between the
trajectory of the target and the crossing-point. Back-
ground thereon is that the distance parameter h1 of the
crossing-point of two transmitter-receiver-lines is known,
and that an assumption about the velocity, which is usu-
ally in a range, for example, between 500km/h and 1
Mach can be made so that the distance parameter h of
the target or a reasonably small range in which the dis-
tance parameter h lies may be estimated by the one time
difference. For example, in an extreme case, the distance
parameter h of the target would be the same as the dis-
tance parameter h1 of the crossing-point if the target
passes the two crossing transmitter-receiver-lines at the
same time. Here, it is advantageous that the distance
parameter h may be exactly determined by using the one
time difference, although this is very unlikely to happen.
Nevertheless, if the time difference is sufficiently small,
it can be derived, on the assumption of a limited velocity
v of the target 14, that the distance parameter h lies within
a limited interval.
[0011] Another preferred embodiment according to the
invention provides a calculator, which is configured to
obtain a second range of possible values of the distance
parameter h on the basis of a further time difference,
which describes a timing or an order of passings of further
crossing transmitter-receiver-lines, and which is config-
ured to estimate the distance parameter h on the basis
of the two or more convergent ranges of possible values
of the distance parameter h by an approximation of the
overlapping values. The estimation of the distance pa-
rameter h is the more exactly the more crossing-points
thereon and, thus, the more ranges of possible values of
the distance parameter h are available. Here, it is advan-
tageous that the motion parameters and especially the
distance parameter h can be determined by an intersec-
tion (in the sense of the function of a function of a cut-
set of ranges or in the sense of a logical-AND combination
of conditions for the motion parameters 26) of different
obtained ranges of possible values of the distance pa-
rameter h, wherein just the order of the passings of the

transmitter-receiver-line may be determined and not the
exact point of time. In this embodiment the velocity pa-
rameter v of the motion parameters can be determined
on basis of an equation describing a relationship between
motion parameters and a second time difference, which
describes a timing of passings of a second pair of trans-
mitter-receiver-lines, and the determined distance pa-
rameter h. Typically there is (at least if some reasonable
assumptions regarding the motion of the target are made)
a equation or a system of equations which describes a
relationship between the one or more unknown motion
parameters and the time differences.
[0012] In some embodiments, the calculator 20 is con-
figured to obtain the motion parameters on the basis of
one or two equations or even more equations. In this
case, a first equation describes a relationship between
the velocity parameter v, the distance parameter h of the
target, which describes a distance between a trajectory
of the target and the receiver, and the first time difference,
while a second equation describes a relationship be-
tween the velocity parameter v, the distance parameter
h of the target and the second time difference. It has been
found that the two unknown motion parameters regarding
distance h and velocity v can be obtained by solving the
system of equations, if it is assumed that said two motion
parameters are constant or at least approximately con-
stant during the time intervals defining the first time dif-
ference and the second time difference and also between
the time intervals, which, in turn, has been found to be
true in many technical application. Therefore, the calcu-
lator is configured to determine a solution or approximate
solution of an equation or of a system of the two or more
linearly independent equations using geometric informa-
tion about the transmitter-receiver-lines, such as, for ex-
ample, the position of the transmitters or receivers and/or
the angles between the transmitters-receivers-lines. So,
it is advantageous that forward-scattering radar can be
used for determining motion parameters 26 of the target
14, even if no information other than the time of the trans-
mitter-receiver-line passings is provided for determining
one or more motion parameter.
[0013] A further embodiment provides a system for ob-
taining the motion parameters of the target, wherein the
system comprises at least two receivers configured to
detect the target passing the transmitter-receiver-lines.
The system further comprises the calculator as described
above. The system is configured to obtain the first and
second time difference on the basis of a detection of the
target passing the transmitter-receiver-lines. The receiv-
ers of the system may be configured to receive signals
from satellites used as transmitters. This is advanta-
geous, because the system enables detecting planes be-
tween the ground and the altitude at which the satellites
are arranged. Another advantage is the possibility to use
present satellites, such as, for example, GPS-satellites
(GPS-FSR), Galileo-satellites or other satellites, as
transmitters.
[0014] For an improved detection capability, the two
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receivers may be arranged such that same are geograph-
ically separated by a distance, e.g. at least 10 m or at
least 50 m, which is sufficiently large so that a time dif-
ference between a signal of a given one of the transmit-
ters received by the first receiver and the signal of the
given one of the transmitters received by the second re-
ceiver may be obtained. Thus, the time difference be-
tween the signals of the given one of the transmitters
received by the first receiver and the second receiver
may, for example, be larger than 10 times of a time meas-
urement resolution of the receivers. Further, in order to
detect time differences of two pairs of transmitter-receiv-
er-lines, the receivers are arranged such that the two
receivers and the two transmitters are, at least approxi-
mately, in a common spatial plane.
[0015] Another embodiment according to the invention
provides a calculator, which is configured to detect the
target, the trajectory of which lies within a first spatial
plane or within the second spatial plane. A first set of a
first plurality of transmitters and receivers "generates" or
lies within or at least approximately within a first spatial
plane and a second set of a second plurality of transmit-
ters and receivers generates a second spatial plane.
Hence, it is advantageous to use a plurality of transmitter
and receiver sets in order to enlarge the detection prob-
ability.
[0016] Another embodiment according to the invention
provides a method for obtaining one more motion param-
eters of the target. The method comprises obtaining a
first time difference, which describes a timing of passings
of a first pair of transmitter-receiver-lines by the target
and obtaining a second time difference, which describes
a timing of passings of a second pair of transmitter-re-
ceiver-lines, wherein the second pair of transmitter-re-
ceiver-lines is different from the first pair of the transmit-
ter-receiver-lines. The method further comprises obtain-
ing one or more motion parameters on the basis of the
obtained first and/or second time differences.

Brief Description of the Drawings

[0017] Embodiments according to the present inven-
tion will subsequently be discussed taking reference to
the enclosed figures in which:

Fig. 1 shows a block diagram of a calculator ac-
cording to an embodiment;

Fig. 2a shows a schematic representation of a
transmitter-receiver-set-configuration
having two transmitter-receiver-lines for
illustrating the concept of a detection of a
target;

Fig. 2b shows a schematic transmitter-receiver-
set-configuration having four transmitter-
receiver-lines for illustrating the concept
of a detection of a target according to an

embodiment;

Fig. 2c shows a geometric model for calculating
motion parameters according to an em-
bodiment;

Fig. 3 shows a schematic representation of
transmitter-receiver-set-configuration
having 16 transmitter-receiver-lines for il-
lustrating the concept of a detection of a
target according to another embodiment;

Figs. 4a - c show schematic representations of re-
ceiver-set-configurations according to
embodiments; and

Fig. 5 shows a schematic representation of
transmitter-receiver-set-configuration of
a forward-scattering radar.

Detailed Description of the Embodiments

[0018] Different embodiments of the teachings dis-
closed herein will subsequently be discussed referring
to Fig. 1-5, wherein within these drawings identical ref-
erence numerals are provided to objects having an iden-
tical function or a similar function so that objects referred
to by identical reference numerals within the different em-
bodiments are interchangeable and the description
thereof is mutually applicable.

Calculator of Fig. 1

[0019] Fig. 1 shows a block schematic diagram of a
calculator 20, which has an input for input information 22
regarding a first time difference δt1 and for input informa-
tion 24 regarding a second time difference δt2. The cal-
culator 20 has an output for providing motion parameters
26. Furthermore, the calculator 20 is configured to obtain
the one or more motion parameters (26) on the basis of
at least two time differences. For example, the calculator
comprises or, more precisely, is configured to evaluate,
one or more, in some embodiments even two or more
equations 20a and 20b which represent the basis for the
calculation, as described in Fig. 2c. Below, the function
of the calculator 20 will be discussed.
[0020] The calculator 20 for obtaining one or more mo-
tion parameters 26 of the target 14, for example, a dis-
tance parameter h and a velocity v, is configured to obtain
the one or more motion parameters 26 on the basis of
the at least two time differences δt1 and δt2 described by
the input information 22 and 24. The first of the time dif-
ference δt1 describes a timing of passings of a first pair
of transmitter-receiver-lines by the target 14, or more pre-
cisely, an order of the passing of a first transmitter-re-
ceiver-line at a point of time T1 and of the passing of the
second transmitter-receiver-line at a point of time T2
and/or a time value describing a time between passing
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of said first and second transmitter-receiver-lines.
Hence, the time difference δt1 is equal, for example, to
T2-T1 or describes an order of the passings. The second
of the time differences δt2 describes a timing of passings
of a second pair of transmitter-receiver-lines by the target
14, or more precisely, the order of the passing of the third
and fourth transmitter-receiver-line at points of time T3
and T4, respectively, and/or a time value describing a
time between passing of said third and fourth transmitter-
receiver-lines. Hence, the time difference δt2 is, for ex-
ample, equal to T4-T3. Regarding the transmitter-receiv-
er-lines, it should be noted that the second pair of the
transmitter-receiver-lines is different from the first pair of
the transmitter-receiver-lines. Background hereon is that
the obtaining of the motion parameters 26 is based on a
calculation (or determination) and evaluation of at least
two different time differences δt1 and δt2 and thus based
on the passings of two different pairs of transmitter-re-
ceiver-lines. It should be noted that the two different pairs
of transmitter-receiver-lines may be defined by at least
three transmitter-receiver-lines. Therefore, one of the
points of time T4 and T3, respectively, may be equal to
one of the points of time T2 and T1, respectively. How-
ever, the points in time T1, T2, T3 and T4 may be mutually
different points of time as well. The time differences δt1
and δt2 may be built by different points of time, e.g. T3 -T2.
[0021] The calculator 20 may, for example, be config-
ured to estimate a first range of possible values of the
distance parameter h on basis of one time difference δt3,
equal to T3-T2. For example, the calculator 20 may be
configured to obtain an information whether the possible
values of the distance parameter h are larger or smaller
than a distance parameter h1 of a "virtual" crossing-point
generated or defines by a pair of two crossing transmitter-
receiver-lines, as will be described below. Moreover, an
estimate of the distance parameter h may be obtained,
for example, if the time difference is reasonably small,
as described below. On the basis of the approximately
estimated distance parameter h of the target the velocity
parameter v may be obtained by using one equation, for
example, the equation 20a.
[0022] Alternatively, the calculator 20 may, for exam-
ple, be configured to obtain the motion parameters 26 by
determining a solution of an equation or of a system of
equations comprising the first equation 20a and/or the
second equation 20b. The equations or the system of
equations or a solution algorithm for solving the system
of equations may be based on the assumption that the
distance parameter h and the velocity parameter v are
constant or at least approximately constant during the
first and second time intervals T2 - T1 and T4 - T3, and
also between the time intervals, e.g. between times T2
and T3 if said time intervals are non-overlapping. The
respective equation may, for example, describe a rela-
tionship between the motion parameters 26, for example,
the velocity parameter v and the distance parameter h
of the target 14, and the respective time difference (e.g.,
the first time difference δt1 or the second time difference

δt2). This relationship and the solution of the system of
the equations 20a and 20b will be described with refer-
ence to Fig. 2c.

Illustration of a concept of detecting a target of Fig. 2

[0023] In the following, same further explanations will
be given taking reference to Figs. 2a - 2c. Figs. 2a - 2c
illustrate a concept of detection of the target 14 or of the
trajectory 13 of the target 14 by using a forward-scattering
radar system comprising transmitters and receivers.
[0024] Fig. 2a shows a transmitter-receiver-set-config-
uration 27 comprising the first transmitter 10 and a sec-
ond transmitter 28, which are, in this embodiment, sat-
ellites, as well as the receiver 12 arranged on the ground.
The transmitters 10 and 28 in combination with the re-
ceiver 12 define a first pair of transmitter-receiver-lines:
a first transmitter-receiver-line 30 between the second
transmitter 28 and the receiver 12 and the second trans-
mitter-receiver-line 16 between the transmitter 10 and
the receiver 12. Further, Fig. 2a shows the target or the
plane 14 moving or flying at the velocity v, at the distance
h and in a direction along the trajectory 13. The trajectory
13 is, in this embodiment, parallel or at least approxi-
mately parallel, to the ground 15 and intersects the trans-
mitter-receiver-lines 30 and 16, in this embodiment, at
two points 29 and 31. The intersect 29 of the first trans-
mitter-receiver-line 30 occurs at the point of time T1 and
the intersect 31 of the second transmitter-receiver-line
16 occurs at the point of time T2. The distance between
the trajectory 13 of target 14 and the receiver 12 or the
transmitters 10 and 28, respectively, is described by as
the distance parameter h. In case of a radar system for
detecting moving planes, when the target 14 is parallel
to the ground 15, the distance parameter h complies with
an altitude information of the plane 14, which constitutes
the target 14. Below, the function of the embodiment will
be discussed.
[0025] The target 14 passes the transmitter-receiver-
line 30 at a point of time T1 and passes the transmitter-
receiver-line 16 at a point of time T2. During the passings
of the transmitter-receiver-lines 30 and 16, respectively,
the electromagnetic waves emitted from the transmitters
28 and 10, respectively, are interrupted or scattered by
the target 14 so that the receiver 12 is able to detect the
two points in time T1 and T2. The receiver 12 may calcu-
late (or otherwise determine) the time difference δt1 be-
tween T2 and T1, which describes the time the target 14
took to go (or move) from the first transmitter-receiver-
line 30 to the second transmitter-receiver-line 16 or at
least the order of the passings. Alternatively, the calcu-
lation of the time difference δt1 may be performed by the
calculator 20 (not shown), which uses the time difference
δt1 or the two points of time T2 and T1 as the first input
information 22.
[0026] It has been found that even assuming a con-
stant velocity parameter v and a constant distance pa-
rameter h, the motion parameters 26 typically still cannot
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be determined on the basis of the one time difference δt1
by the calculator 20. The background hereon is that, for
example, the time difference δt1 is equal for a first case,
when the target 14 passes the two transmitter-receiver-
lines 30 and 16 at low velocity v at a low altitude (small
distance parameter h), and for a second case, when the
target 14 passes the transmitter-receiver-lines 30 and 16
at a high velocity v at a high altitude (large distance pa-
rameter h). As a result of this, using one pair of transmit-
ter-receiver-lines 30 and 16, the calculator 20 is able to
obtain one motion parameter 26, e.g. the velocity v, as
a function of the other motion parameter 26, e.g. the dis-
tance parameter h, which is, however, not sufficient in
many applications.
[0027] Such a transmitter-receiver-set-configuration
having one pair of transmitter-receiver-lines may be de-
fined by two transmitters and one receiver or, alterna-
tively, by one transmitter and two receivers.
[0028] Fig. 2b shows a schematic representation of a
transmitter-receiver-set-configuration 39 of transmitters
and receivers, which is similar to the transmitter-receiver-
set-configuration 37 shown in Fig. 2a, but further com-
prises a second receiver 38 geographically separated
from the receiver 12 by a distance which is typically more
than 10 m or 50 m. The distance between the receivers
12 and 38 is set sufficiently large so that a time difference
between a signal of a given one of the transmitters 28
and 10 received by the first receiver 12 and the signal of
the given one of the transmitters 28 and 10 received by
the second receiver 38 may be obtained. Thus, the time
difference between the signals of the given one of the
transmitters 28 and 10 received by the first receiver 12
and the second receiver 38 may, for example, be larger
than 10 times of a time measurement resolution of the
receivers 12 and 38. The two receivers 12 and 38 may,
for example, be arranged on the ground 15. Due to the
presence of the second receiver 38, a second pair of
transmitter-receiver-lines is defined: The second pair of
transmitter-receiver-lines has a fourth transmitter-receiv-
er-line 40 between the transmitter 10 and the receiver 38
and a third transmitter-receiver-line 42 between the
transmitter 28 and the receiver 38. The third transmitter-
receiver-line 42 crosses the second transmitter-receiver-
line 16 at the crossing-point 44 having a distance h1 to
an axis 43 between the two receivers 12 and 38 or to one
of the receivers 12 and 38. A distance parameter h1 and
a position of the crossing-point 44 is defined by the trans-
mitters 10 and 28 and the receivers 12 and 38. The tra-
jectory 13 of the target 14 intersects the four transmitter-
receiver-lines 30, 42, 16 and 40 at points marked by 29,
31, 33 and 35, wherein the points 29, 31, 33 and 35 are
passed by the target 14 at the times T1, T2, T3 and T4.
[0029] In this transmitter-receiver-set-configuration 39
the system for obtaining the motion parameters 26 of the
target 14 comprises the two receivers 12 and 38 as well
as the calculator 20 (not shown). The two receivers 12
and 38 as well as the transmitters 10 and 28 are arranged
in a common spatial plane within a tolerance in which the

trajectory 13 of the target 14 lies such that an angle be-
tween the second transmitter 28, a target position on the
trajectory 13 of the target 14, which lies in a spatial plane
defined by the first transmitter 10, the second transmitter
28 and the first receiver 12, and one of the receivers 12
and 38 is approximately 180° or in a range between 170°
and 190° or in a range between 178° and 182°. The re-
striction of having the receivers 12 and 38 and transmit-
ters 10 and 28 in a same spatial plane is not as restrictive
as it seems, because the detection of the target 14 also
happens, when the target 14 passes a transmitter-receiv-
er-line 30, 42, 16 and 40 in a certain distance (close to
the transmitter-receiver-line). In other words, an exten-
sion of a detection region where the receiver 12 or 38
detects when the target 14 enters the detection region
surrounding transmitter-receiver-lines 30, 16, 42 and 40,
depends on the target’s 14 size, the distance h of the
trajectory 13 of the target 14 and the wavelength or fre-
quency, respectively, of the transmitters 28 and 10. For
example, the detection region may have a diameter of
approximately 2 km on an assumption that the target 14
is an airplane flying at an altitude h of 12 km and the
transmitter 10 is a satellite at an altitude of 26000 km.
[0030] After the structure of the transmitter-receiver-
set-configuration 39 has been described, the function of
same and especially the determination of the motion pa-
rameters 26 on the basis of two time differences δt1 and
δt2 will be discussed below.
[0031] The trajectory 13 of target 14 defined by the
distance parameter h, the velocity v and the direction is
arranged so that the target 14 passes the first pair of the
transmitter-receiver-lines 30 and 16 at a point in time T1
and at a point in time T2 and so that the target 14 passes
the second pair of the transmitter-receiver-line 42 and 40
at a point in time T3 and at a point in time T4. Due to this
transmitter-receiver-set-configuration 39 having two
pairs of transmitter-receiver-lines and due to the fact that
there are the four points of time T1, T2, T3 and T4 (the
timing of the passings of the transmitter-receiver-lines
42, 40, 30 and 16) the calculator 20 is able to obtain the
motion parameter 26 on the basis of two time differences
δt1, equivalent to T2-T1, and δt2, equivalent to T4-T3, as
described in Fig. 1. It should be noted that the timing of
passings transmitter-receiver-lines is understood, on the
one hand, as an order of the passings and, on the other
hand, as a time between two passings of the transmitter-
receiver-lines.
[0032] The system or, for example, the calculator 20
obtains the first time difference δt1 between the passings
of the first pair of transmitter-receiver-lines, for example,
the first and second transmitter-receiver-lines 30 and 16
(via the information input 20), and the second time dif-
ference δt2 between the passings of the second pair of
transmitter-receiver-lines, for example, the lines 42 and
40 (via the information input 22). The two different pairs
of transmitter-receiver-lines may also be defined by three
transmitter-receiver-lines, wherein, in this sense then, for
example, the first pair may be defined by the first and
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second transmitter-receiver-lines 30 and 16 and the sec-
ond pair by the first and third transmitter-receiver-lines
30 and 42. Alternatively, the pair may be defined by an-
other combination of transmitter-receiver-lines, e.g., the
second and third transmitter-receiver-lines 16 and 42, or
using further transmitter-receiver-lines defined by further
receivers and/or further transmitters.
[0033] In order to obtain a sufficiently large time differ-
ence between the interruptions or passings of the trans-
mitter-receiver-lines detected by the receivers 12 and 38,
the receivers 12 and 38 are separated by a distance,
which is larger than 10 times the wavelength of the elec-
tromagnetic waves detected by the receivers 12 and 38
or, preferably, even much larger. The calculator 20 uses
geometric information about the transmitter-receiver-
lines 30, 42, 16 and 40, such as, for example, the included
angles α1, β1 between the lines (see, for example, Fig.
2c), the position of the receivers 12 and 38, the position
of the transmitters 10 and 28 and/or the distance param-
eter h1 of the crossing-point 44, also referred to as spatial
virtual cross-point. The relationship of the two time dif-
ferences δt1 and δt2 and the geometry of the transmitter-
receiver-lines 30, 16, 42 and 40 will be discussed with
reference to Fig. 2c, in detail.
[0034] Below, an embodiment of an estimation of the
distance parameter h on basis of one time difference δt3
between T3 and T2 will be discussed.
[0035] The above-described transmitter-receiver-set-
configuration 39 which comprises a pair of transmitter-
receiver-lines 42 and 16 crossing each other enables the
estimation of the distance parameter h or of a range of
values of the distance parameter h, respectively. In the
following three different cases of value-ranges of the dis-
tance parameter h will be explained:
[0036] It could be concluded that the distance param-
eter h of the target 14 is the same as the distance pa-
rameter h1 of the crossing-point 44, if the target 14
passed the transmitter-receiver-lines 42 and 16 at the
same time, namely if T2=T3. With the known or deter-
mined distance parameter h the velocity parameter v may
be determined by using the points of time T1 and/or T2
and one equation, e.g., the equation 20a, using the as-
sumption that the distance parameter h and the velocity
parameter v are constant, as described in Fig. 2c. How-
ever, passing the two crossing transmitter-receiver-lines
42 and 16 at the same time is an improbable case. Nor-
mally, the point of time T2 will be different from the point
of time T3. Nevertheless, in that case the calculator 20
is able to determine whether the trajectory 13 of the target
14 (having a known direction or having a direction defined
on the basis of more than two transmitter-receiver-lines-
passings) is above or below the crossing-point 44 on ba-
sis of the time difference δt3, which describes the order
of passings of the second transmitter-receiver-line 16
and of the third transmitter-receiver-line 42. If the point
in time T2 is later than the point in time T3 if it is found
that the time difference T3 - T2 > 0, the trajectory 13 of
the target 14 is closer to the transmitters 10 and 28 which

is, for example, true if the trajectory 13 of the target 14
is above the crossing-point 44, or in other words, the first
range of possible values of the distance parameter h
comprises values larger than the distance parameter h1
of the crossing-point 44. If the point in time T2 is earlier
than the point in time T3 or if it is found that the time
difference T3 - T2 < 0, the trajectory 13 of the target 14
is closer to the receivers 12 and 38 which is, for example,
true if the trajectory 13 of the target 14 is below the cross-
ing-point 44, or in other words, the first range of possible
values of the distance parameter h comprises values
smaller than the distance parameter h1 of the crossing-
point 44.
[0037] By using a transmitter-receiver-set-configura-
tion having more than one crossing-point 44 the distance
parameter h of the target 14 may be estimated more ex-
actly by overlapping ranges of possible values of the dis-
tance parameters h derived from different crossing-
points, as will be discussed in Fig. 3.
[0038] Further, when the distance parameter h corre-
sponds roughly to the distance parameter h1 of the cross-
ing-point 44 the distance parameter h may be estimated
on the basis of a single time difference δt3, for example,
T2 - T3. Background thereon is that the time difference
δt3 between the first and the second passing is very small,
if the distance parameter h of the target 14 is close to the
distance parameter h1 of the crossing-point 44. As a con-
sequence of this the obtained distance parameter h is
nearly independent from the velocity parameter v under
the assumption that a velocity of real-life planes is typi-
cally in a range between 500 km/h and Mach 1 or between
300 km/h and Mach 3. Consequently, it can be concluded
that the distance parameter h is approximately equal to
the distance parameter h1 or within a sufficient narrow
interval if it is found that δt3 is below a predefined thresh-
old value.
[0039] Fig. 2c shows a geometrical model of the trans-
mitter-receiver-set-configuration 39 shown in Fig. 2b.
The first pair of transmitter-receiver-lines 30 and 16 has
an included angle α1 and an off-axis angle α2 to the axis
43. The first pair of transmitter-receiver-lines 30 and 16
is intersected by the trajectory 13 at intersections 29 and
31, wherein the points 29 and 31 are passed by the target
14 at the times T1 and T2, respectively. The spatial dis-
tance between the intersections 29 and 31 is referred to
as x1. The second pair of transmitter-receiver-lines 42
and 40 has an included angle β2 and the off-axis angle
β2. The trajectory 13 intersects the second pair of trans-
mitter-receiver-lines 42 and 40 at intersections 33 and
35 (passed by the target 14 at the points of time T3 and
T4). The spatial distance between the two intersections
33 and 35 is referred to as x2.
[0040] The equations 20a and 20b, which may be used
by the calculator 20 for obtaining one or more motion
parameters 26 of the target 14, are dependent on geo-
metric parameters of the two pairs of transmitter-receiv-
er-lines 30, 16, 42 and 40: The distance x1 is, on the one
hand, a function of the angles α1 and α2 as well as of the
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distance parameter h, and, on the other hand, a function
of the velocity v of the target 14 and the time difference
δt1 (= T2-T1), wherein it is assumed that the direction of
the trajectory 13 of the target 14 is known or at least
approximately known and the distance parameter h and
the velocity v is constant, which has been found to be
true in most real-life scenarios. This two relationships
result, for example, in a first equation 20a having the two
unknowns velocity v and distance parameter h (with δt1
and the geometry parameter being known). Analogously,
a geometry of the second pair of transmitter-receiver-
lines 42 and 40 can be described by a second equation
20b, which describes the relationship between the dis-
tance parameter h, the velocity parameter v and the sec-
ond time difference δt2 (wherein δt2 and the geometry
parameter are known). To obtain the unknown motion
parameters 26 velocity v and distance parameter h, the
calculator may be configured to determine and/or solve
the system of equations comprising (or consisting) the
first equation 20a and the second equation 20b. In order
to obtain a unique solution for the motion parameters 26
velocity v and distance parameter h, two pairs of the
transmitter-receiver-lines are chosen by the calculator
20 or the system or are pre-determined such that the first
equation 20a describing a relationship of the first pair of
transmitter-receiver-lines 16 and 30 with the first time
difference δt1, as a known input value, and the second
equation 20b describing a relationship of the second pair
of transmitter-receiver-lines 40 and 42 with the second
time difference δt2, as a known input value, are linearly
independent; as a result of this, the equations of the dis-
tance parameter x1 and of the distance parameter x2 are
linearly independent.
[0041] If the distance parameter h is known, e.g. due
to the estimation of distance parameter h, as described
above, the solution of one equation is sufficient for de-
termining the velocity parameter v.

Illustration of a concept of detecting a target of Fig. 3

[0042] Fig. 3 shows another embodiment of a trans-
mitter-receiver-set-configuration 45 as shown in Fig. 2b,
but further comprising two additional receivers 50 and 52
and two additional transmitters 46 and 48. Due to the two
additional transmitters 46 and 48 and the two additional
receivers 50 and 52, 12 additional transmitter-receiver-
lines are defined. As a result of this, the overall 16 trans-
mitter-receiver-lines, which lie at least approximately in
a common spatial plane, define 36 crossing-points,
wherein for each crossing-point the respective distance
parameter h1 is known.
[0043] In the embodiment of Fig. 3 the calculator 20
may be configured to determine the distance parameter
h without solving a system of equations. For example,
the calculator 20 may be configured to determine a plu-
rality of overlapping ranges for the distance parameter h
and to intersect the ranges to obtain a high value. There-
fore, the calculator 20 is configured to use the additional

information from the further receivers 50 and/or 52. The
calculator 20 is configured to obtain in addition to a first
range of distance parameters h, which is determined as
discussed with reference to Fig. 2b, a second range,
which is also determined as discussed with reference to
Fig. 2b, of possible values of the distance parameter h
on the basis of a further time difference δt, which de-
scribes a timing or an order of passings of further crossing
transmitter-receiver-lines, and is configured to estimate
the distance parameter h on the basis of the overlapping
first and second ranges of possible values of the distance
parameter h by a approximation or convergent possible
values of the distance parameter h. The greater the
number of crossing-points, the higher is the probability
of accurately obtaining the motion parameters 26 of tar-
get 14. Some information regarding motion parameters
26 detected by a system having an set-configuration 45
with a plurality of transmitters and receivers might be
redundant information, but this enables to obtain the dis-
tance parameter h by using or detecting a number of
overlapping ranges of values for the distance parameter
h. For each crossing-point the calculator 20 is able to
detect, if the target is closer to the receiver 12, 38, 50
and 52 than the respective crossing-point or closer to the
transmitter 28, 10, 46 and 48 than the respective cross-
ing-point. Due to this detection and the known distance
parameter h1 of the passed crossing-point a range of
possible values of the distance parameters h may be
obtained for each passing of a crossing-point. The real
value of the distance parameter h may be determined by
an intersection of a large number of overlapping ranges
for possible values of the distance parameters h, which
converge to the real value of the distance parameter h.
[0044] For example, the first range of possible values
of distance parameters h of the target 14 may be deter-
mined for the first crossing-point 44, wherein may decide
in response to the finding that the transmitter-receiver-
line 16 is passed before the transmitter-receiver-line 42
that the possible values of the distance parameter h of
the first range are smaller than the distance parameter
h1 of the first crossing-point 44, the second range of pos-
sible values of distance parameters h may be determined
for a second crossing-point, wherein the calculator 20
may decide in response to the finding that the transmitter-
receiver-line 42 is passed before the transmitter-receiv-
er-line 1 that the possible values of the distance param-
eter h of the second range are larger than the distance
parameter h1 of the second crossing-point 44. If the dis-
tance parameter h1 of the first crossing-point is larger
than the distance parameter h1 of the second crossing-
point, the calculator 20 may conclude that the distance
parameter h of the target 14 lies between the distance
parameter h1 of the first crossing-point 44 and the dis-
tance parameter h1 of the second crossing-point. There-
fore, a new limited range of possible values of the dis-
tance parameter h with a maximum distance parameter
h equal to the distance parameter h1 of the first crossing-
point 44 and with a minimum distance parameter h equal
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to the distance parameter h1 of the second crossing-point
is defined, wherein the new defined limited range is more
narrow compered to the first or second range.
[0045] In other words, taking a large number of infor-
mation regarding the distance parameter h (possible val-
ues or ranges of values of the distance parameters h)
into account, the values of the distance parameter h will
converge at least within a certain tolerance to its real
value.
[0046] On the basis of the detected or determined dis-
tance parameter h the velocity parameter v can be easily
obtained by using the one equation describing the rela-
tionship between geometric parameter of two transmit-
ter-receiver-lines, for example, the two crossing trans-
mitter-receiver-lines 42 and 16, and the time difference
δt3, as described above. Therefore, a large number of
crossing-points 44, etc. improves the detection capabil-
ity. The number of crossing-points 44, etc. of a set of Nt
transmitters and a set of Nr receivers in the same spatial
plane or, at least approximately in the same spatial plane
is defined as: 

[0047] Although, in the shown embodiments of the
transmitter-receiver-set-configuration 45, the transmit-
ters are illustrated as satellites and the receivers as sat-
ellite-receivers located on the ground 15, it should be
noted that the invention relates to all transmitter- and
receiver-combinations, for example, a transmitter-re-
ceiver-set-configuration of a near-ground radar system
parallel to the ground 15 (target 14 not perpendicular the
ground 15). In such transmitter-receiver-set-configura-
tions the distance parameter h would not refer to a dis-
tance between the trajectory 13 and the ground 15,
namely the altitude, but to a distance between the trajec-
tory 13 and, for example, a transmitter 10, 28 or receiver
12, 38 or an axis analogous to the axis 43.
[0048] Below, Figs. 4a and 4c illustrate the coverage
of a system for obtaining motion parameters 26 of a target
14 according to an embodiment. Here, two possible re-
ceiver-set-configurations will be discussed.

Illustration of the receiver-set-configurations of Fig. 4

[0049] The radar coverage depends on the number of
spatial planes that can be generated with a set of receiv-
ers. Fig. 4a shows a top view of a receiver-set-configu-
ration 54 of three receivers 12, 38 and 50 arranged along
an axis 58, while Fig. 4b shows the side view of the re-
ceiver-set-configuration 54. Two lines 62 and 64 illustrate
possible positions of transmitters, wherein the line 62
generates together with the axis 58 a first spatial plane

63 and the line 64 generates together with the axis 58 a
second spatial plane 65. It should be noted that the lines
62 and 64 are not necessarily in parallel to the axis 58.
Furthermore, the transmitters and receivers 12, 38 and
50 are not necessary arranged along the lines 62 and 64
and the axis 58, respectively. The transmitters and re-
ceivers 12, 38 and 50 may be arranged at different po-
sitions within the spatial plane 63 or the spatial plane 65.
In this embodiment, the axis 58 and so the spatial planes
63 and 65 have an east-west-orientation.
[0050] A first transmitter-receiver-set comprises the
set of the receivers 12, 38 and 50 and at least two trans-
mitters located on the line 62 (within the first spatial plane
63) and is configured to detect the target 14, the trajectory
13 of which also lies within a first spatial plane 63 and
which has, preferably or at least approximately, a con-
stant distance parameter h. A second transmitter-receiv-
er-set comprises the second set of receivers and a plu-
rality of transmitters arranged on the line 64 (within the
second spatial plane 65) and the set uses the same re-
ceivers 12, 38 and 50 also used for receiving signals from
the transmitters of the first transmitter-receiver-set. The
second transmitter-receiver-set enables the detection of
the target 14, the trajectory 13 of which is in the second
spatial plane 65 and has, preferably or at least approxi-
mately, a constant distance parameter h. However, in
some embodiments, the one or more transmitters may
be arranged at different distances from the axis 58, be-
cause this may improve a numeric conditioning of the
system of equations.
[0051] The receiver-set-configuration 54 enables to
detect targets (e.g. target 14), the trajectories (e.g. tra-
jectory 13) of which have a east-west-orientation, lie in
a common spatial plane of a set of receivers and trans-
mitters (e.g. spatial planes 63 and 65) and lie within a
detection range defined by lines-of-sight; for example, in
this embodiment, the detection range limited by ground
15 amounts to maximally a 180° angle field around the
axis 58. That means, for example, the target 14 cannot
be detected by such a receiver-set-configuration 54,
when it is on the other side of the globe. On the condition
that enough transmitters are available (assumption
based on a increasing number of GNSS satellites), each
target 14, the trajectory 13 of which lies in a spatial plane,
e.g. 63 and 65, defined by transmitters and the receivers
12, 38 and 50, may be detected along the detection di-
rection with the east-west-orientation. In other words, the
receiver-set-configuration 54 enables to cover all trajec-
tories of targets that fly from west to east or from east to
west on the line of sight of receiver-set-configuration 54.
[0052] In contrast, Fig. 4c shows a top view of a re-
ceiver-set-configuration 56 of four receivers 12, 38, 50
and 52 arranged in a square, which enables four detec-
tion directions along or in parallel with the axes 66, 68,
70 and 72: the first 66 is defined by the receiver 12 and
the receiver 38, for example in west-east orientation; the
second 68 is defined by the receiver 12 and the receiver
50, for example, the north-south orientation; the third 70
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is defined by the receiver 12 and the receiver 52, for
example northwest-southeast orientation; and the fourth
72 is defined by the receivers 50 and 38, for example
northeast-southwest orientation.
[0053] On the condition that enough transmitters are
available, each target 14 may be detected, the trajectory
13 of which lies in a spatial plane, which is defined by
two of the receivers 12, 38, 50 or 52 and at least two
transmitters, along one of four detection directions (N-
S-, E-W-, NE-SW- and NW-SE-orientation). In other
words, the system will cover all trajectories confined in
the theoretically infinite number of spatial planes that can
be generated with a set of at least two inline receivers.
[0054] As shown above, the coverage of the system
may be increased not only by an increasing number of
receivers, but also by an increasing number of transmit-
ters, or both. Therefore, it is advantageous to use trans-
mitters that are present in quantity, such as, for example,
satellites. The used satellites may be a part of a global
navigation satellite system (GNSS), where many trans-
mitters can be found simultaneously in the sky. Only with
GPS, between 8 and 10 satellites are constantly availa-
ble. Adding, for example, the ones from GLONASS (Rus-
sian), the coming Galileo (Europe) and the Compass sys-
tem (China), many other transmitters will be available
(especially in the near future). Moreover, such a system
is not limited to global navigation satellite system satel-
lites. Other satellites can also be used as transmitters.
Therefore, with so many transmitters, a large number of
crossing-points 44 are achieved with just a low number
of receivers.
[0055] It should be noted that in case of using non-
geosynchronous satellites as transmitters the conditions
regarding a transmitter-receiver-set lying in a common
spatial plane may be complied temporarily. According to
an embodiment, the motion parameters 26 of the target
14 may be obtained if the trajectory 13 of the target 14
lies, at least approximately, in the common spatial plane
which is temporarily defined by two receivers and at least
two transmitters. Thus, embodiments in which the con-
ditions regarding the geometric arrangement of the trans-
mitters and receivers are only archived temporarily also
lie within the scope of the invention. In some embodi-
ments, the calculator may be configured to selectively
use such transmitter-receiver-pairs which fulfill the above
discussed geometric conditions.
Alternatively, the receivers may be configured to receive
signals from other transmitters, such as television broad-
casting or mobile communication base stations.
[0056] Although some aspects have been described
in the context of an apparatus, it is clear that these as-
pects also represent a description of the corresponding
method for obtaining one or more motion parameters 26,
where a block or device corresponds to a method step
or a feature of a method step. Analogously, aspects de-
scribed in the context of a method step also represent a
description of a corresponding block or item or feature
of a corresponding apparatus. Some or all of the method

steps may be executed by (or using) a hardware appa-
ratus, like for example, a microprocessor, a programma-
ble computer or an electronic circuit. In some embodi-
ments, some one or more of the most important method
steps may be executed by such an apparatus.
[0057] The depending on certain implementation re-
quirements, embodiments of the invention can be imple-
mented in hardware or in software. The implementation
can be performed using a digital storage medium, for
example a floppy disk, a DVD, a Blu-Ray, a CD, a ROM,
a PROM, an EPROM, an EEPROM or a FLASH memory,
having electronically readable control signals stored ther-
eon, which cooperate (or are capable of cooperating) with
a programmable computer system such that the respec-
tive method is performed. Therefore, the digital storage
medium may be computer readable.
[0058] Some embodiments according to the invention
comprise a data carrier having electronically readable
control signals, which are capable of cooperating with a
programmable computer system, such that one of the
methods described herein is performed.
[0059] Generally, embodiments of the present inven-
tion can be implemented as a computer program product
with a program code, the program code being operative
for performing one of the methods when the computer
program product runs on a computer. The program code
may for example be stored on a machine readable carrier.
[0060] Other embodiments comprise the computer
program for performing one of the methods described
herein, stored on a machine readable carrier.
[0061] In other words, an embodiment of the inventive
method is, therefore, a computer program having a pro-
gram code for performing one of the methods described
herein, when the computer program runs on a computer.
[0062] A further embodiment of the inventive methods
is, therefore, a data carrier (or a digital storage medium,
or a computer-readable medium) comprising, recorded
thereon, the computer program for performing one of the
methods described herein. The data carrier, the digital
storage medium or the recorded medium are typically
tangible and/or non-transitionary.
[0063] A further embodiment of the inventive method
is, therefore, a data stream or a sequence of signals rep-
resenting the computer program for performing one of
the methods described herein. The data stream or the
sequence of signals may for example be configured to
be transferred via a data communication connection, for
example via the Internet.
[0064] A further embodiment comprises a processing
means, for example a computer, or a programmable logic
device, configured to or adapted to perform one of the
methods described herein.
[0065] A further embodiment comprises a computer
having installed thereon the computer program for per-
forming one of the methods described herein.
[0066] A further embodiment according to the inven-
tion comprises an apparatus or a system configured to
transfer (for example, electronically or optically) a com-
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puter program for performing one of the methods de-
scribed herein to a receiver. The receiver may, for exam-
ple, be a computer, a mobile device, a memory device
or the like. The apparatus or system may, for example,
comprise a file server for transferring the computer pro-
gram to the receiver.
[0067] In some embodiments, a programmable logic
device (for example a field programmable gate array)
may be used to perform some or all of the functionalities
of the methods described herein. In some embodiments,
a field programmable gate array may cooperate with a
microprocessor in order to perform one of the methods
described herein. Generally, the methods are preferably
performed by any hardware apparatus.
[0068] The above described embodiments are merely
illustrative for the principles of the present invention. It is
understood that modifications and variations of the ar-
rangements and the details described herein will be ap-
parent to others skilled in the art. It is the intent, therefore,
to be limited only by the scope of the impending patent
claims and not by the specific details presented by way
of description and explanation of the embodiments here-
in.
[0069] In summery, the invention relates to a calculator
20 or a method for determining the trajectory 13 of a
target 14 including the distance parameter h and the ve-
locity v of a flying target 14 using forward scattering radar.
The method is based on using a certain number of re-
ceivers (e.g. receiver 10 and 28) and transmitters (e.g.
transmitter 12 and 38), the more the better, to generate
spatial virtual cross-points (e.g. crossing-point 44) with
the baselines (transmitter-receiver-lines e.g. 42, 40, 16
and 30) defined by transmitters (satellites for instance,
e.g. transmitter 12, 38, etc.) and receivers (e.g. receiver
10, 28, etc.). It is possible to define if the moving target
14 flies above or below those cross-points. Than, having
a large amount of them, the altitude (distance parameter
h) of the target 14 can be estimated. After that, the velocity
v can be easily obtained, assuming it that both altitude
(distance parameter h) and velocity v have remained con-
stant.

Claims

1. A calculator (20) for obtaining one or more motion
parameters (26) of a target (14),
wherein the calculator (20) is configured to obtain
the one or more motion parameters (26) on the basis
of at least two time differences,
wherein the first of the time differences describes a
timing of passings of a first pair of transmitter-receiv-
er-lines by the target (14), and
wherein a second of the time differences describes
a timing of passings of a second pair of transmitter-
receiver-lines by the target (14),
wherein the second pair of the transmitter-receiver-
lines is different from the first pair of transmitter-re-

ceiver-lines.

2. A calculator (20) according to claim 1, wherein the
two pairs of transmitter-receiver-lines (30, 16, 42,
40) are defined by two receivers (10, 28) and two
transmitters (12, 38).

3. A calculator (20) according to one of claims 1 or 2,
wherein the calculator (20) is configured to obtain a
first range of possible values of a distance parameter
h of the one or more motion parameters (26), wherein
the distance parameter h describes a distance be-
tween a trajectory (13) of the target (14) and one of
the transmitters (28, 10) or receivers (12, 38),
on the basis of a single one of the time differences,
which describes an order of passings of a second
transmitter-receiver-line (16) and of a third transmit-
ter-receiver-line (42),
wherein the second and the third transmitter-receiv-
er-line (42, 16) cross each other at a crossing-point
(44).

4. A calculator (20) according to claim 3, wherein the
calculator (20) is configured to obtain, on the basis
of the order of the passings of the second transmitter-
receiver-line (16) and of the third transmitter-receiv-
er-line (42), an information describing whether the
possible values of the distance parameter h are larg-
er or smaller than a distance parameter h1 of the
crossing-point (44), wherein the distance parameter
h1 of the crossing-point (44) describes a distance
between the crossing-point (44) and one of the trans-
mitters (28, 10) or of the receivers (12, 38), or
whether the distance parameter h is equal to the dis-
tance parameter h1 of the crossing-point (44).

5. A calculator (20) according to one of claims 3 to 4,
wherein the calculator (20) is configured to obtain a
second range of possible values of the distance pa-
rameter h on the basis of a further time difference,
which describes a timing of passings of further cross-
ing transmitter-receiver-lines, and
wherein the calculator (20) is configured to estimate
the distance parameter h on the basis of the over-
lapping first and second ranges of possible values
of the distance parameter h using an intersection of
the first and second ranges.

6. A calculator (20) according to one of claims 1 to 5,
wherein the calculator (20) is configured to obtain
one or more motion parameters (26) using geometric
information about the transmitter-receiver-lines (30,
42, 16, 40).

7. A calculator (20) according to one of the .claims 1 to
6, wherein the calculator (20) is configured to obtain
the motion parameters (26) on the basis of a first
equation (20a), which describes a relationship be-
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tween a distance parameter h, which describes a
distance between a trajectory (13) of the target (14)
and one of the transmitters (28, 10) or the receivers
(12, 38), a velocity parameter v, which describes a
velocity of the target (14) and the first time difference,
and/or on the basis of a second equation (20b) which
describes a relationship between a distance param-
eter h, which describes a distance between a trajec-
tory (13) of the target (14) and one of the transmitters
(28, 10) or one of the receivers (12, 38), a velocity
parameter v, which describes the velocity of the tar-
get, and the second time difference.

8. A calculator (20) according to claim 7, wherein the
calculator (20) is configured to determine a solution
of the system of equations comprising the first equa-
tion (20a) and/or the second equation (20b).

9. A calculator (20) according to claim 7 or 8, wherein
the equations (20a, 20b) are dependent on geomet-
ric parameters of the two pairs of transmitter-receiv-
er-lines (30, 16, 42 and 40), and
wherein the two pairs of the transmitter-receiver-
lines (30, 16, 42, 40) are chosen such that the first
equation (20a) and the second equation (20b) are
linearly independent such that a unique solution of
the motion parameters (26) is obtainable.

10. A calculator (20) according to one of claims 1 to 9,
wherein the calculator (20) is configured to obtain
the motion parameters (26) based on an assumption
that the distance (32) between the trajectory (13) of
the target and one of the receivers (12, 38) or trans-
mitters (28, 10) and the velocity of the target (14) are
constant.

11. A calculator (20) according to one of claims 1 to 10,
wherein the calculator (20) is configured to detect a
target (14), a trajectory (13) of which lies within a first
spatial plane defined by a first set of a first plurality
of transmitters (10, 28) and a first plurality of receiv-
ers (12, 38); and
wherein the calculator (20) is configured to detect a
target (14), a trajectory (13) of which lies within a
second spatial plane defined by a second set of a
second plurality of transmitters and a second plural-
ity of receivers.

12. A system for obtaining one or more motion param-
eters (26) of a target (14), the system comprising:

at least two receivers (12, 38) configured to de-
tect a target (14) passing transmitter-receiver-
lines (30, 42, 16, 40);
a calculator according to one of the claims 1 to
11,
wherein the system is configured to obtain a first
time difference and/or a second time difference

on the basis of a detection of the target (14)
passing the one or more respective transmitter-
receiver-lines (30, 42, 16, 40).

13. A system according to claim 12, wherein the receiv-
ers (12, 38) are configured to receive signals from
satellites used as transmitters (28, 10).

14. A system according to one of claims 12 to 13, where-
in the two receivers (12, 38) are arranged such that
the two receivers (12, 38) are geographically sepa-
rated by a distance which is sufficiently large so that
a time difference between a signal of a given one of
the transmitters (28, 10) received by the first receiver
(12) and the signal of the given one of the transmit-
ters (28, 10) received by the second receiver (38) is
larger than 10 times of a time measurement resolu-
tion of the receivers (12, 38).

15. A system according to one of claims 12 to 14, where-
in the two receivers (12, 38) are arranged such that
the two receivers (12, 38) and the two transmitters
(28, 10) are in a common spatial plane within a tol-
erance such that an angle between the second trans-
mitter (28), a target position on the trajectory (13) of
the target (14), which lies in a spatial plan defined
by the first transmitter (10), the second transmitter
(28) and the first receiver (12), and one of the receiv-
ers (12, 38) is in a range between 170° and 190° or
in a range between 178° and 182°.

16. A method for obtaining one or more motion param-
eters (26) of a target (14), the method comprising:

obtaining a first time difference, which describes
a timing of passings of a first pair of transmitter-
receiver-lines (30, 16) by the target (14); and/or
obtaining a second time difference, which de-
scribes a timing of passings of a second pair of
transmitter-receiver-lines (42, 40) by the target
(14);
wherein the second pair of the transmitter-re-
ceiver-lines (42, 40) is different from the first pair
of the transmitter-receiver-lines (30, 16); and
obtaining one or more motion parameters (26)
on the basis of the obtained first (22) and/or sec-
ond (24) time differences.

17. A computer program for performing the method ac-
cording to claim 16 when running storage medium
having stored thereon a computer program having
a program code for performing, when computer pro-
gram runs on a computer.
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Amended claims in accordance with Rule 137(2)
EPC.

1. A calculator (20) for obtaining one or more motion
parameters (26) of a target (14),
wherein the calculator (20) is configured to estimate
a distance parameter h of the one or more motion
parameters (26) on the basis of overlapping first and
second ranges of possible values of the distance pa-
rameter h using an intersection of the first and sec-
ond ranges,
wherein the first range is obtained on the basis of a
first time difference and the second range is obtained
on the basis of a second time difference,
wherein the first time difference describes an order
of passings of a first pair of transmitter-receiver-lines
by the target (14), wherein the first pair of transmitter-
receiver-lines comprises two transmitter-receiver-
lines (16; 42) crossing each other at a crossing-point
(44), and
wherein the second time difference describes an or-
der of passings of a second pair of transmitter-re-
ceiver-lines by the target (14), wherein the second
pair of the transmitter-receiver-lines is different from
the first pair of transmitter-receiver-lines and com-
prises two transmitter-receiver-lines crossing each
other;
wherein the distance parameter h is one of the mo-
tion parameters (26) and describes a distance be-
tween a trajectory (13) of the target (14) and one of
transmitters (28, 10, 46, 48) or receivers (12, 38,50,
52) which define the two pairs of transmitter-receiv-
er-lines (30, 16, 42, 40).

2. A calculator (20) according to claim 1, wherein the
calculator (20) is configured to obtain, on the basis
of the order of the passings of the second transmitter-
receiver-line (16) and of the third transmitter-receiv-
er-line (42), an information describing
whether the possible values of the distance param-
eter h are larger or smaller than a distance parameter
h1 of the crossing-point (44), wherein the distance
parameter h1 of the crossing-point (44) describes a
distance between the crossing-point (44) and one of
the transmitters (28, 10) or of the receivers (12, 38),
or
whether the distance parameter h is equal to the dis-
tance parameter h1 of the crossing-point (44).

3. A calculator (20) according to one of claims 1 to
2, wherein the calculator (20) is configured to obtain
one or more motion parameters (26) using geometric
information about the transmitter-receiver-lines (30,
42, 16, 40).

4. A calculator (20) according to one of the claims 1
to 3, wherein the calculator (20) is configured to ob-
tain the motion parameters (26) on the basis of a first

equation (20a), which describes a relationship be-
tween the estimated distance parameter h, a velocity
parameter v, which describes a velocity of the target
(14) and the first time difference, or on the basis of
a second equation (20b) which describes a relation-
ship between the estimated distance parameter h,
the velocity parameter v and the second time differ-
ence.

5. A calculator (20) according to claim 4, wherein the
calculator (20) is configured to determine a solution
of the system of equations comprising the first equa-
tion (20a) and/or the second equation (20b).

6. A calculator (20) according to claim 4 or 5, wherein
the equations (20a, 20b) are dependent on geomet-
ric parameters of the two pairs of transmitter-receiv-
er-lines (30, 16, 42,40), and
wherein the two pairs of the transmitter-receiver-
lines (30, 16, 42, 40) are chosen such that the first
equation (20a) and the second equation (20b) are
linearly independent such that a unique solution of
the motion parameters (26) is obtainable.

7. A calculator (20) according to one of claims 1 to
6, wherein the calculator (20) is configured to obtain
the motion parameters (26) based on an assumption
that the distance (32) between the trajectory (13) of
the target and one of the receivers (12, 38) or trans-
mitters (28, 10) and the velocity of the target (14) are
constant.

8. A calculator (20) according to one of claims 1 to
7, wherein the calculator (20) is configured to detect
a target (14), a trajectory (13) of which lies within a
first spatial plane defined by a first set of a first plu-
rality of transmitters (10, 28) and a first plurality of
receivers (12, 38); and
wherein the calculator (20) is configured to detect a
target (14), a trajectory (13) of which lies within a
second spatial plane defined by a second set of a
second plurality of transmitters and a second plural-
ity of receivers.

9. A system for obtaining one or more motion param-
eters (26) of a target (14), the system comprising:

at least two receivers (12, 38) configured to de-
tect a target (14) passing transmitter-receiver-
lines (30, 42, 16, 40);
a calculator according to one of the claims 1 to 8,
wherein the system is configured to obtain a first
time difference and/or a second time difference
on the basis of a detection of the target (14)
passing the one or more respective transmitter-
receiver-lines (30, 42, 16, 40).

10. A system according to claim 9, wherein the re-
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ceivers (12, 38) are configured to receive signals
from satellites used as transmitters (28, 10).

11. A system according to one of claims 9 to 10,
wherein the two receivers (12, 38) are arranged such
that the two receivers (12, 38) are geographically
separated by a distance which is sufficiently large
so that a time difference between a signal of a given
one of the transmitters (28, 10) received by the first
receiver (12) and the signal of the given one of the
transmitters (28, 10) received by the second receiver
(38) is larger than 10 times of a time measurement
resolution of the receivers (12, 38).

12. A system according to one of claims 9 to 11,
wherein the two receivers (12, 38) are arranged such
that the two receivers (12, 38) and the two transmit-
ters (28, 10) are in a common spatial plane within a
tolerance such that an angle between the second
transmitter (28), a target position on the trajectory
(13) of the target (14), which lies in a spatial plan
defined by the first transmitter (10), the second trans-
mitter (28) and the first receiver (12), and one of the
receivers (12, 38) is in a range between 170° and
190° or in a range between 178° and 182°.

13. A method for obtaining one or more motion pa-
rameters (26) of a target (14), the method compris-
ing:

obtaining a first time difference, which describes
an order of passings of a first pair of transmitter-
receiver-lines (30, 16) by the target (14), wherein
the first pair of transmitter-receiver-lines com-
prises two transmitter-receiver-lines (16; 42)
crossing each other at a crossing-point (44);
obtaining a second time difference, which de-
scribes an order of passings of a second pair of
transmitter-receiver-lines (42, 40) by the target
(14),
wherein the second pair of the transmitter-re-
ceiver-lines (42, 40) is different from the first pair
of the transmitter-receiver-lines (30, 16) and
comprises two transmitter-receiver-lines cross-
ing each other;
calculating a first range of possible values of a
distance parameter h on the basis of the ob-
tained first time difference;
calculating a second range of possible values
of the distance parameter h on the basis of the
obtained second time difference; and
estimating the distance parameter h of the one
or more motion parameters (26) on the basis of
the calculated first and second ranges overlap-
ping each other by using an intersection of the
first and second ranges,
wherein the distance parameter h is one of the
motion parameters (26) and

describes a distance between a trajectory (13)
of the target (14) and one of transmitters (28,
10, 46, 48) or receivers (12, 38,50, 52) which
define the two pairs of transmitter-receiver-lines
(30, 16, 42, 40).

14. A computer program for performing the method
according to claim 13 when running storage medium
having stored thereon a computer program having
a program code for performing, when computer pro-
gram runs on a computer.
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